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FOREWORD

The Annual Review of Chronopharmacology is a publication of the
Association des Rythmes Biologiques et Médicaments (Association
of Bioclogical Rhythms and Medications). The goal of this series
is to provide a scholarly means of rapidly communicating jpew

developments in the field of chronopharmacology. Even-numbered
volumes consist of in-depth review chapters authored by investi-
gators well known for their expertise in the field. The selec-

tior. of the topics and contributors to these volumes 1is guided by
the Scientific Committee of the Association. O0dd-numbered vol-
umes contain the Proceedings of the International Conferences of
chronopharmacology which are organized by the Association. This
volume, number 7 of the series, contains papers which were pre-
sented at the Fourth International cConference on Biological
Rhythms and Medications held in Nice, France, 12 -15 March 1990
and which passed peer review by members of the Scientific Commit-
tee, The objectives of the International cConferences of Chronu-
pharmacology are: 1) to provide a forum for the presentation and
discussion of new findings, methods and concept.s in chronopharma-
cology and chronotherapeutics, 2) to promote sound research in-
volving biological rhythms and medications, 3) to build bridges
between pharmacologists, chronobiologists and physicians working
in the pharmaceutical 1industry, in academia and in clinical
medicine, and 4) to stimulate the application of findings in
medicine.

The Fourth International Conference of Chronopharmacology, which
was sarctioned the Le Centre National de la Recherche Scientifi-
que, the Fondation Adolphe de Rothschild, the International Union
of Pharmacoloyy, the International Society of Chronobiology, the
European Society for Chronobiology, and the Société de cChronobio-
logie de Langue Francaise, hosted 150 participants from 15 dif-
ferent countries. The publ.shed Proceedings compiled in this
volume deal with seven major themes. These are outlined below
along with the chairpersons of each session.




v Foreword

Session I Neurobiology: J. Arendt (U.K,) and C¢. Englund
{USA) .

Session II Endocrinology and Gastroenterology: Y. Touitou
(France) and E. Haus (USA)

Session III Ccardiovascular Agents: B. Lemmer (W.Germany) and
J. Cambar (France)

Session 1IV Metabolic Aspects: H., Decousus {(France) and G.
Labrecque (Canada)

Session V Immunology and Cancer: I. Ashkenazi (Israel) and
F. Levi (France)

Session VI General Chronopharmacology: D. Kripke (USA) and B.
Bruguerolle (France)

Session VII Chronotherapeutics: M. sSmolensky (USA) and E. Haen
{W.Germany)

The oOrganizing Committee of the Fourth International Conference
of Chronopharmacology wishes to acknowledge its appreciation to
the many persons, too numerous to designate individually here,
who contributed to its success, The editors are especially
grateful to Bjorn Lemmer, Erhard Haus and Anna Wirz-Justice,
members of the Scientific Committee, who advised us on numerous
crucial matters and who peer-reviewed all submitted abstracts.
We also gratefully ackrowledge those o>mpanies and organizations
which provided financial support for the Fourth International
Conference in the form of contributions or exhibitions. These
include: Beecham-Sévigné (France), Biotest AG (W.Germany), Boeh-
ringer Ingelheim (W.Germany), Byk Gulden (W.Germany), Ciba Geigy
(USA), Ecole de Pharmacie de Université Laval (cCanada), The
Finkelstein Foundation (USA), Hoffmann-Laroche (USA), 1Institute
Henri Beaufort (France), Laboratoire Aguettant (France), Labora-~
toire Houdé (France), Lederle Laboratories (UsAa), Lilly (France),
L'Oreal (France), Marcel Dekker, 1Inc., {(USA and Switzerland),
McGovern Foundation (USA), Merz & Co (W.Germany), Mundipharma
(W.Germany), Pfizer (W.Germany), Promedica (France), Purdue Fred-
erick Company (USA), Roche (France), Schering~Plough Corp. (USA),
school of Public Health of the University of Texas at Houston
(USA), smith-Kline Beecham Pharmaceutical Company (USA}, Stratc
Company (USA), Thermobiologie Médicale (France), United States
Air Force (USA), Upjohn Pharmaceutical Company (USA). The Organ-
izing Committee acknowledges sincere gratitude to our assistants,
Mme. Susan Orsoni, Mme. Genevieve Di Costanzo, Mme. Annonciade
Nicolai and Mme. Marie Anne Reinberg, all of whom worked 1long
hours to help make the Fourth International a success. Finally
we extend our appreciation to the staff of the Nice Acropolis for
its assistance in the support and organization of the Conference
and to Pergamon Press Ltd., the publisher of the Annual Review of
Chronopharmacology.

Alain Reinberg
Gaston Labrecque
Michael smolensky
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CIRCADIAN RHYTHM IN SEROTONIN
RELEASE FROM HIPPOCAMPAL
NEURONES OF THE RAT: ROLE OF
TERMINAL AUTORECEPTORS

P. H. Redfern and A. Singh

Phannacology Group, School of Pharmacy and Pharmacology,
University of Bath, Claverton Down, Bath, BA2 7AY, UK

ABSTRACT

The marked circadian variation in serotonin (5-HT) concentrations
which occurs in many areas of the brain appears to result from
circadian rhythms in both synthesis and release of the transmitter.
In this paper we have investigated the hypothesis that in the
hippocampus of the rat the circadian rhythm in 5-HT release is
generated or controlled by the terminal 5~HT,pg autoreceptor- No
circadian variation in the response of the augoreceptor to either
the agonist 5-HT or the antagonist methiothepin was found. These
results suggest that changes in sensitivity or coupling of the
autoreceptor do not play a significant role in controlling the
circadian rhythm of transmitter release.

KEYWORDS
5-HT, circadian, autoreceptors, hippocampus, methiothepin,
INTRODUCTION

A circadian rhythm in the concentration of 5-hydroxytyptamine (5-
HT) in rodent brain is well established (Quay, 1968; Hilljer and
Redfern, 1977). Although the phase of the rhythm of 5-HT
concentrations is not the same in all brain regions, the peak
concentrations occur during the light phase (Quay, 1968). The
observed rhythm appears to be the resultant of several factors;
thus while the rate of synthesis of 5-HT is highest during the
light phase (Hery et al., 1972), release is greatest during the
dark phase (Martin and Marsden, 1985), when the animals are most
active. Release of 5-HT is, in turn, affected by many factors,
including the activity of the terminal autoreceptors which, when
stimulated by 5-HT, inhibit transmitter release (Moret ,1985).

In the rat these terminal autoreceptors are of the 5-HTpy subtype
(Engel et al., 1986). 1In previous studies of the behaviloural
sequelae of 5-HT receptor stimulation we have demonstrated that
responses dependent on 5-HT, receptor stimulation display a
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consistent circadian variation while those dependent on 5-HT,
receptors do not (Moser and Redfern, 1984; 1985; 1986).

In this paper we have examined the hypothesis that changes in
activity at terminal autoreceptors are responsible for generating
or controlling the circadian rhythm in the release of 5-HT from
serotoninergic neurones.

METHOD

Male Wistar rats (University of Bath stra.n) were housed in groups
of 6 under controlled conditions of light, sound and temperature
(Hillier et al., 1973). All animals were acclimatised t¢ « 12:12
light-dark cycle for at least 14 days prior to use, at which time
they weighed approximately 300g. The hippocampus was rapidly
dissected from two freshly killed rats and chopped in two
directions at 250uM on a McIlwain brain tissue chopper. The slices
were incubated for 15 mins at 37°C in Krebs buffer containing 0.1uM
tritiated 5-HT and 10uM pargyline. After 3 washes with 5ml Krebs
buffer, 25ul aliquots of slices were transferred to each chamber of
a superfusion apparatus.

After a 30 min superfusion with  Ei.l. Effect of varying concentrations of
Krebs containing the 5-HT potassium on the release of [ 3H ] 5.-HT from
uptake inhibitor paroxetine slices of rat hippocampus.  Resuits, ( Means +
(3.2uM), the medium was changed s.e‘.m. ) are expressed as fractional release
to isosmotic modified Krebs rate.

solution containing 25mM
potassium ions (a concentration
shown to evoke a sub-maximal
release rate, Fig.l), and 3.2uM
paroxetine. The potassium
evoked release of tritium was
measured by liquid
scintillation counting in
samples collected every 4 min.
Cumulative dose-response curves
to unlabelled 5-HT were
constructed using 4 T . — . .
concentrations of the agonist 10 20 30 ‘0 s0 60
(30nM to 1000nM). Antagonist Potassium i1on concentration ( mM )
experiments were performed by . . )

the addition of 1uM Hlo.2,  Calclum dep of the release of
methiothepin to the superfusion [°H } 5-HT from slices of rat hippocampus,
medium, concurrently with the evoked by potassium. ~ Results, ( Means i
elevated potassium. The s.e.m. ) are expressed as tractional release
antagonist was present rate.

throughout the rest of the

2

Frachonal release rate X 102
s

©

o

superfusion. Statistical b
analysis was carried out using % ]
Student‘'s t-test. =
2 o
o
RESULTS 2
The substitution of normal g ]
Krebs solution by Krebs e ]
containing 25mM potassium ions E
caused an increased efflux of £ 4
tritium from slices ot rat 2
hippocampus. This increase was 2
shown to be entirely ca<4* 0

dependent (Fig. 2). The Fraction number
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cumulative addition of unlabelled 5-HT caused a dose related
inhibition of tritium release (Fig. 3). Apparent pICg, values
(-logyg of the concentration of 5-HT required to inhig?t the
potass?um evoked release by 50%) were calculated from experiments
conducted at four equally-spaced tim. points in the light-dark
cycle (Table 1). Methiothepin caused a dose related attenuation of
the effect of 5-HT (Fig. 4).

Elg.4.  The inhlbitory effect ot 5-HT on { 3H |

Eig.3. Dose response relationship of the :n’:: o:\,l'sl::\x b'"’m :::Pl-:“’“mpﬂ slices and |Its
eftect of S-HT on the [ 3H ] S-HT efflux from the :‘ y methiothepin.  The resulls are
rat hippocampsl slices, evoked by continuous eans + s.e.m. of 5 experiments.

potassium ( 25mM ) stimulation. Results,

expressed as fractional release rate, are the
means £ s.e.m. of § experiments,

D)
t4 o
30nM -
T el 1o T =
=4 @
* ¢ 300nM ’é
s 4

g v ¢ 1000nM §
3 ] §
L] -
s ) k\\\*x’www E:
g K voked 2
§ 4 T—wmsHT g

I X Basal Lo,

N 10 20 5-HT 5-HT plus
Fraction number (tuM) methiothepin
(1uM)

The apparent pA, values, calculated at the same time points from
the shift in the dose response curve to 5-HT, are also shown in
Table 1.

Table 1.
Hours after 5-HT Methiothepin
lights on apparent pICgg apparent pA,
+ sem (n) + sem (n)
0 7.125%0.063 (5) 6.999%0.045 (5)
6 7.161+0,023 (5) 6.905+0.055 (5)
12 7.024%0.039 (5) 6.846+0.066 (5)
18 7.17330.047 (5) 6.872%0.108 (5)

Basal tritium release was unaffected by either 5-HT (1uM) or
methiothepin (1uM). However, methiothepin did significantly
enhance the potassium evoked release of tritium. This enhancement,
which is generally interpreted as indicating the existence of an
endogenous inhibitory tone, was not significantly different at the
four time points.

DISCUSSION

These results from the hippocampus are in agreement with previous
findings obtained using rat cerebral cortex slices (Singh et al,
1989). They add further support to findings from behavioural
experiments (Moser and Redfern, 1984; 1985; 1986) that receptors of
the 5~HT, subtype do not display a circadian rhythm in response to
stimulation. It has been suggested (Martin and Marsden, 1985) that
the circadian rhythm in the release of 5-HT from central
serotoninergic neurones derives at least in part from a
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corresponding rhythm in sensitivity of the terminal 5-HT;g
autoreceptors. These results do not support this hypothesis, since
they dimonstrate clearly that the response of the 5-HT;

autoreceptor to both agonist and antagonist is unchangeg throughout
the light-dark cycle. Thus the serotoninergic terminal will be
susceptlble, through the 5-HT,p autoreceptor, to circadian changes
in concentration of 5-HT in the synaptic cleft. This and other
factors, rather than any circadian rhythm in terminal autoreceptor
function, must be assumed to control the observed circadian rhythm
in transmitter release.
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LIGHT RESPONSIVENESS OF A
CIRCADIAN OSCILLATOR DURING
LITHIUM AND POTASSIUM TREATMENT

H. Klemfuss and D. F. Kripke

Veterans Affairs Medical Center, San Diego, CA 92161, US A. and
Department of Psychiatry, University of Califorma,
San Diego, CA, US A.

ABSTRACT

We generated phase response curves to light (PRCs) in Syrian hamsters fed 1) a
standard hamster diet, 2) diet containing supplemental potassium, or 3) diet with
0.4% lithium carbonate and supplemental potassium. Lithium did not affect the
amplitude of the PRC even though lithium delayed the time of activity onset
during entraining conditions and increased circadian period during constant
darkness. Potassium supplementation alone, when compared to the standard diet,
increased the amplitude of the advance region of the PRC and advanced activity
phase. This study shows that phase delays due to chronic lithium are not
necessarily associated with alterations in the PRC. Dietary potassium may
influence the phase of the activity-rest cycle by acting ~n the advance portion
of the PRC.

KEYWORDS
Lithifum; potassium; phase response; light
INTRODUCTION

In many species, including plants, invertebrates, and mammals, lithium delays the
phase of synchronized circadian rhythms and lengthens the period of free-rurning
rhythms (Engelmann, 1987). Potassium intake also appears to affect circadian
rhythmicity, since a diet containing supplemental K' advances the phase of
activity onset in entrained Syrian hamsters (Klemfuss and Kripke, 1989). It has
been suggested that lithium alters the responsiveness of circadian oscillators to
light stimulation in mammals, possibly by acting on the retina (Carney et al..
1988; Seggie et al., 1987), neuronal communication, or directly on central
circadian oscillators (Han, 1984; Engelmann, 1987; Delius et al., 1984). In the
present study, we examinec whether lithium treatment alters the response to light
of the circadian oscillator(s) controlling wheel-running, as measured by the PRC.
We also compared PRCs in hamsters fed diets containing low and high
concentrations of potassium,

METHODS

Adult male Syrian Golden tamsters (Charles River; 110-120 gm) were maintained in
constant darkness except for 4 h of light (10-15 lux) per day. This short
photoperiod synchronized wheel-running rhythms without masking effects of light
on activity onset. Hemsters were randomly assigned to one of three test diets
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from Teklad (Madison, WI). Since lithium can be toxic to rodents when
administered in quantities sufficient to affect circadian rhythms, hamsters given
lithium also received supplemental potassium (0.4% Li1,C04 + 6.96% KC1 added to
basic hamster diet; TD86546), which we have found to prevent toxicity in rodents
while permitting effective serum lithium concentrations in the range of 0.6-1.0
mmol/L (Klemfuss and Kripke, 1989; 1987). High Kt controls for lithium treatment
were given diet containing the same high potassium concentration (1104 mmol K+/kg
diet; TD85191). An additional low potassium control group received diet in which
supplemental KCl was replaced by polydextrose, a carbohydrate with minimal food
value (171 mmol K+/kg diet; TD86299). Food, water, and solid NaCl blocks were
available at all times. These diets have been discussed previously (Klemfuss and
Kripke, 1989).

After two weeks of treatment with lithium, high 'a control, or low kt control,
each bamster was transferred to a running wheel cage with the same diet and LD
4:20 regimen. Following one week of entrainment in the running wheels, each
hamster was exposed to a single 15 min pulse of white fluorescent light of 325 #
25 lux. Thereafter, hamsters remained in total darkness for two weeks.

The number of tcevolutions of the running wheel per 15 min epoch was recorded by a
computer systen Daily activity onsets were identified by the first of three
consecutive epcchs with locomotor activity greater than the mesor following three
epochs with activity levels less than the mesor. Activity onsets were used to
determine phase position during the last week of the LD 4:20 regimen and also to
determine free-running period during the second week of constant darkness, as
previously described (Klemfuss and Kripke, 1989). Phase shifts due to 325 lux
light exposure were calculated by standard procedures (Daan and Pittendrigh,
1976a). Briefly, the time of baseline-predicted activity onset on the day
following the 325 lux light pulse (defined as CT 12) was subtracted from the time
of activity onset, projected to the same day, from activity onsets during the
second week after the light exposure. The resulting phase shift was plotted as a
function of circadian time, where 24 circadian hours eruals the hamster's tau in
constant darkness. Effects of lichium and potassium were examined using analysis
of variance followed by unpaired t-tests. Data were collected between January,
1987 and July, 1989, and treatments are balanced approximately by season.

RESULTS

Exposure to bright light pulses produced PRCs with small delay phase shifts early
in the subjective night and large advance phase shifts in the late subjective
night, as is typical for this species (Daan and Pittendrigh, 1976a). Lithium
treatment clearly had no effect on the amplitude of either advance or delay
shifts when compared to the high K* control (Fig. 1), although serum lithium
concentratious averaged 0.68 mmol/L + 0.02 SEM and both latency to activity onset
and free-running tau were significantly increased (Table 1).

Comparing animals fed the low« and high K* diets, it is apparent from Figure 1
that the high K" diet increased the amplitude of the advance portion of the PRC
compared to the low K diet. This difference was statistically significant at CT
20, CT 22, and CT 24. Table 1 indicates that supplemental Kt significantly
advanced the phase of activity onset by about one hour, but did not appear to
alter tau.
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Fig. 1. Phase shifts due to 325 lux light pulse plotted against circadian time
of light exposure Mean phase shift of 5-15 hamsters/point in animals fed low

, high K, or lithium + high K*. Standard errors larger than the diameter of
deta symbols are shown.

Table 1.
Synchrorized Free-running Number of
Ehase (h) Perdod (h) hamstexs
Lithium+
High K* 7.99 + 0.4 26.21 ¢ .02 56
+ ]** **[
High K 5.48 + 0.4 24.05 + .03 50
]*
Low K* 6.52 + 0.3 24.07 + .02 54

Table 1. Phase represents mean time between the start of darkness and activity
onset, + SEM, during an LD 4:20 schedule. Period mean # SEM was calculated from
activity onsets during the second week in constant darkness. * p< .05, high Kt
advances phase relative to low K' diet. ** p< .001, lithium + high K+ delays both
phase and period relative to high K" alone.

DISCUSSION

An effect of lithium on the light responsiveness of Syrian hamsters was reported
by Han (1984). 1In this study, chronic lithium treatment decreased the amplitude
of advance phase shifts, and slightly increased the amplitude of delay phase
shifts. It is probable that differences in technique are responsible for the
discrepancy between the effects of lithium in Han's PRC and our Figure 1. One
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It has been suggested that animals with long free-running periods exhibit PRCs
with alterations in the relative sizes of advance and delay portions (Daan and
Pittendrigh, 1976a; Honma et al.. 1985). This relationship seems to hold
(although imperfectly) when comparing species, or when comparing spontaneously
short-tau vs. spontaneously long-tau individuals, although both increases (Honma
et al,, 1985) and decreases (Daan and Pittendrigh, 1976a) in the relative size of
the delay portion have been reported., Within individuals, there is evidence that
the prior light history of the animal can affect both tau and the shape of the
PRC (Daan and Pittendrigh, 1976a). However, administration of 25% deuterium
oxide (D,0) in drinking water, which increased tau in mice by 1.8 h, failed to
affect tﬁe PRC to 15 min light pulses (Daan and Pittendrigh, 1976b). The present
results suggest that lithium, like D,0, affects the period of central circadian
oscillators without altering light responsiveness.

Our finding that potassium treatment increased the responsiveness of the
circadian oscillator to light pulses given during the advance portion of the PRC
is consistent with the advance of the entrained activity rhythm reported here and
in our previous study using simi_ar conditions (Klemfuss and Kripke, 1989) during
potassium supplementation. Since the modest six-fold range of potassium intakes
between low and high K' diets is comparable to the range of daily K' intake in
healthy young men (National Center for Health Statistics, 1983), dietary
potassium may be useful to enhance or diminish the entraining effects of light in
people as well as hamsters.
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THE EFFECT OF CHRONIC LITHIUM
TREATMENT ON RAT ACTIVITY
RHYTHMS AND LEVELS UNDER
CONSTANT AND ENTRAINED
CONDITIONS

D. L. McEachron and N. T. Adler

Department of Psychology, University of Pennsylvama,
Philadelphia, PA 19104, US.A.

ABSTRACT

Rats provided a 0.3% lithium carbonate dict developed significantly longer free-running activity
rhythms during the initial sampling period after beginning treatment (Phase I-34 days) while
demonstrating a nearly significant reduction in the activity/rest ratios during that same period. This
classic effect was not sustained during the entire experiment. In fact, no measured circadian
parameter were significantly altered after a partial crossover (Phase II-53 days) by either initiating or
removing lithium treatment. During application of the LD cycle (12/12), chronically lithium treated
rats did not show stable entrainment. Two distinct effects of lithium, one on a circadian pacemaker
and a decrease in light sensitivity, are indicated by this study.

KEYWORDS
Lithium; Chronic; Light Sensitivity, Rat
INTRODUCTION

Lithium treatment alters circadian rhythmicity in various organisms. While many studies have
associated lithium administration with longer free-running rhythms (Engelmann ¢t al.,1976; Kripke
et al., 1980) or phase delays during entrainment (Kripke et al., 1979; McEachron gt al., 1982;
1985), others have reported shortened rhythms (O'Donahue gt al., 1982; Subbaraj, 1981 ) or no
effect (Christensen gt al., 1982) with lithium treatment. Interactions between lithium and age,
duration of treatment, or behavioral state may be able to reconcile these disparate results and provide
insights into lithium's therapeutic efficacy.

MATERIALS AND METHODS
Animals and Housi

Twenty-four male rats (CD Strain), 90 days old and weighing approximately 200 grams each, were
purchased from Charles River Laboratories and were individually housed in Wahmann activity
cages [Lab Products, Hazelton, PA] for the duration of the experiment. These cages, which consist
of a large running wheel with attached side car, were maintained in groups of six in light-tight and
sound-insulated metal cabinets located in the Psychology Departments's Chronobiology Facility
During light/dark (LD) cycles lighting inside the cabinets was provided by 15 watt incandescent
bulbs (15 lux at the cage floor) controlled by a Chrontrol microprocessor-based timer (Lindberg
Enterprises, San Diego). During constant conditions, lighting was provided by 7.5 watt red
safelights ( < 1 lux at the cage floor). Food (Purina Rodent Laboratory Chow 5001) and water were
available ad lib throughout the experiment.Data collection was accomplished with cam-operated
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microswitches connected to an IBM PC-XT-based computer analysis system (SSE Corporation,
New York). Data was stored for analysis as the number of revolutions recorded each 15 minutes,

Lithium T

Three diets containing lithium carbonate (at 0.075% (A), 0.15% (B), and 0.3% (C) by weight)
were commercially prepared (Teklad, Madison, WI). To minimize flavor aversion, the treatment
animals received diet A for the first 6 days followed by diet B for the next 7 days, followed by the
maint%?ancc diet C. Al lithium-fed animals were provided with a salt (NaCl) lick to lower any toxic
side effects.

Procedures

Animals were initially maintained under LD 12/12 for four weeks followed by 3 weeks in RR to
insure stably entrained activity rhythms as well as sufficient activity levels for reliable estimation of
rhythm parameters. One-half of the cabinets were then randomly assigned to control or lithium
groups and lithium treatrent initiated according to the schedule described above,

At the end of this time, selected animals of both groups were exposed to a protocol involving
inescapable shock, the results of which are being published elsewhere (Stewart, et.al,, in prep.).

After being fed diet C for a period of 34 days, one cabinet of six animals was randomly selected,
removed from lithium treatment and provided with a regular diet until the end of the experiment
(Group 1). The other animals being fed lithium were maintained as before (Group 2). At the same
time, one cabinet of six animals who were previously being fed normal food began lithium
treatment (Group 3). The fourth cabinet continued to receive the regular diet (Group 4). All animals
were maintained under constant lighting conditions for the next 53 days at which time a 12/12
light/dark cycle (Lights on at 1900 hours EST) was imposed on all animals, This LD cycle was
mainiained for 35 days at which time the animals were sacrificed. Blood was collected by cardiac
puncture from 11 randomly selected rats (both lithium-fed and controls) and assayed for lithium by

atomic absorption spectrophotometry.

Data Analysis

Estimation of the periods of the activity rhythms involved applying least-squares cosine fits to each
twenty four hours of data, followed by estimation of the best increment in degrees which would

cause all acrophases to approach a single value, This value was then converted into minutes and
added to 24 hours to obtain the estimated tau (McEachron gt 3l., 1981).

The phase of each animal's activity rhythm during entrainment was also based upon application of a
least-squares cosine fit with period of 24 hours to each consecutive 24 hours of data. Vector mean
acrophases and standard deviations were then calculated for each animal.

The activity/rest ratios were calculated based upon the cosine estimates of tau for each animal and
using the acrophase as the midpoint of activity. The ratio was calculated as the number of bins per
cycle with activity present divided by the number of bins with no activity.

Tau estimates from the first day of 0.3% lithium until the day prior to the cross-over were analyzed
in 2 (lithium vs. untreated) X 2 (shock vs. not shocked) ANOVAS to control for any possible
effects of exposure to the inescapable shock protocol. Mean activity and activity/rest ratios were
also analyzed in 2 X 2 analyses of variance.

Tau estimates from the 53 days of constant conditions after the partial crossover were analyzed in a
4 (diet history) X 2 (shock vs. non-shock) ANOVA as were activity/rest ratios and mean daily
activities. Planned comparisons (Sokal and Rohif, 1981) were run on pre- and post-crossover
period estimates,

Some loss of data occurred when switches failed or individual rats produced insufficient activity to
accpratcally estimate a period leading to variability in the degrees of freedom listed for the various
statistical tests.
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RESULTS
Phase1

Lathium-fed animals had significantly longer periods (Atau of 0.274 hours) compared to rats fed a
regular diet durir.g Phase I (F(1,19)=13.93, p<0.01). This result in shown in Fig. 1.Exposing
selected animals to inescapable shock, on the other hand, had no significant effect on those animals'
activity periods ( F(1,19)= 0.012, ns) nor was there a significant interaction of shock and lithium
(F(1,19)= 2.35, ns). Indeed, insofar as there was never any effect or interaction linked with
exposure to shock in any parameter, these results will not be discussed further.

Although not statistically significant, activity/rest ratios appeared to be reduced in the lithium-fed

animals (F(1,18)=3.50, p=0.077). Mean activity levels per day were not significantly effected by
lithium (F(1,19)= 2.40,ns), shock, (F(1,19)= 0.07,ns), or their interaction (F(1,19)=0.988 ns).

24.8 1

247
24.6
245
24.4

243

24.2
LITHIUM CONTROL

Fig. 1 Period estimates for wheel running activity in lithium-fed and control animals (+ SEM),

Phase Il

Lithium had no significant effect on any measured parameter after the crossover. None of the four
groups could be distinguished as significantly different in either activity periods (Fig.2) or
activity/rest ratio. There were also no significant differences between the groups in daily activity
levels,

Examination of the individual groups did not reveal a consistent pattem. While animals switched off
lithium displayed shorter periods (a mean reduction of 0.25 £ 0.07 (SD) hours), those rats
maintained or lithium in Phase II also displayed shorter periods (mean reduction of 0.13 £0.28
(SD) hours). . snimals switched onto lithium displayed only a 0.03 + 0.29 (SD) hour increase in
period during Phase II while rats maintained on regular food the entire time showed a 0.13+0.13
(SD) hour increase during this time. Planned comparisons confirm that the activity periods of rats
taken off lithium could not be significantly distinguished from those animals continuously
maintained on lithium ( F(1,16)=0.29, ns) while rats exposed to lithium beginning in Phase I1
developed periods which were not significantly different from animals fed untreated Rat Chow for
all experimental Phases (F(1,16)=0.023, ns).

24.75

24.50
1

2425+

24,004
LITHIUM CONTOLITH LITHTOOON CONTROL

Fig. 2. Periods estimates after the partial crossover (£ SEM).
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Phase IIl

The phase angle stability of the lithium and non-lithium groups during the LD cycle was assessed
using the Scheffe F-test. The mean standard deviation of the lithium-fed animals (around each
animal's mean acrophase) was found to be significantly greater (610 vs. 250). The variance of the
lithium-fed animals around the group’s mean estimated period was significantly greater than animals
on the regular diet (0.24 hours vs. 0.005 hours; Fmax (2,9) = 48, p<0.01). Only 2 of 9

lithium-fed animals where reliable periods were obtained during Phase ITi showed a petiod of
exactly 24 hours while 6 of 10 rats being fed regular Chow displayed exactly 24 hour periods.
Given recent studies linking lithium with decreased light sensitivity in bipolar patients ( Camey gt
al., 1988; 1989), the simplest explanation for lithium-fed animals' lack of stable entrainment is a
lithium-induced decrease in light sensitivity, decreasing the strength of the LD cycle as a Zeitgeber.

Mean serum lithium in rats on lithium diets was 1.24 : 0.33 Meg/L.

712532 Actograms of rats receiving lithium (right) and regvlar diet (left) during exposure to LD
12.
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ABSTRACT

CGP 19984, a derivative of thiazolidinedione, has been shown to impair
pituitary-gonadal activity and to suppress hormone-dependent tumor
growth in rats. Since similar effects may also be elicited by the
major pineal hormone melatonin, the influence of CGP 19984 on pineal
activity was studied. In addition, an investigation of its influence
on adrenocortical steroid production was also included. Circadian
variations in adrenocortical and pineal activity were monitored in
rats by determining the excretion of corticosterone, aldosterone and
the major melatonin metabolite 6-sulphatoxymelatonin (aMT6és) in urine.
CGP 19984 was given to male rats in oral doses of 100 mg/kg once daily
on 4 consecutive days. No significant effects were found on the
circadian variaticns of adrenocortical and pineal activity, However,
urine output itself was drastically increased during the dark period
in rats treated with CGP 199f4 as compared to controls, In conclusiorn,
CGP 19984 has no significant effect on pineal and adrenocortical
activity. Thus, the effects of CGP 19984 on tumor growth and on
gonadotropin secretion do not seem to be mediated by changes in pineal
melatonin production.

KEY WORDS
CGP 19984, 6-sulphatoxymelatonin, corticosterone, aldosterone.
INTRODUCTION

The thiazolidinedione derivative CGP 19984 suppresses the growth of
hormone-dependent DMBA-induced mammary tumors (Schieweck et al.,, 1984,
and of R3327 Dunning prostate adenocarcinomas in rats (Ip gt al.,
1986) . CGP 19984 has further been shown to reduce rat gonadotropin and
subsequently gonadal steroid secretion as well as to attenuate access-
ory sex organ growth (Ip et al., 1986). Very similar effects can also
be elicited by the major pineal hormone melatonin through effects on
hormone-dependent tumor growth (Blask, 1984) and, under certain
conditions, on the hypcthalamo-pituitary-gonadal axis (Lang et_al.,
1984). Therefore, the question arose as to whether the effects
observed with CGP 19984 are modulated by influencing pineal melatonin
production. The present experiment was primarily designed to elucidate
the effects of CGP 19984 on pineal melatonin production. Since the
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effects of this compound on the adrenal gland have not been well
documented so far, an investigation of its influence on adrenocortical
steroid production was also included. Circadian variations of adreno-
cortical and pineal activity were monitored in sequentially collected
urine by determining corticosterone, aldosterone and 6-sulphatoxymela-
tonin, the major urinary metabolite of melatonin (Kopin et_al., 1961).

MATERIALS AND METHODS

Male rats weighing ~200 g were kept under a lighting schedule of
14 h light:10 h darkness (lights on 06.00-20.00 h). Oral doses of
100 mg/kg CGP 19984 D, the ethyl ammonium salt of CGP 19984, were
given once daily at 08.00 h on 4 consecutive days. Immediately after
the third application, the animals were placed in individual metabolic
cages and urine was collected by a previuosly described method
(Hausler et _al., 1985) from the beginning of the following dark period
at 4-h intervals over a period of 36 h. The total amount of urine
collected in each sampling period was determined and urine samples
were stored at 20°C. The animals were weighed on day 1 and 5 of the
experiment. Food and water consumption as well as urine and total
hormone or metabolite excretion in the urine were measured over a 24
h-period following the fourth application. Urinary aMT6s was measured
by radioimmunoassay (Aldhous efl al., 1988). Unconjugated cortico-
sterone in the urine was measured by a direct radioimmunoassay
(Hdusler et_al,, 1985) and aldosterone was extracted from the urine
with ethyl acetate and measured by a specific radioimmunoassay. Log-
transformed data for total urine and hormone output per interval were
analyzed using a repeated-measures analysis of variance as described
earlier (Hdusler et al., 1985)-

RESULTS

The data are presented in Table 1 and Fig. 1, On day 5, rats treated
with CGP 19984 weighed less (P < 0.05) than the controls and 24-h food
consumption oI these animals was reduced (P < 0.05). Urine output was
significantly increased (P < 0.01) during the dark period in the
treated rats. This increased urine output paralleled the enhanced
water consumption (P < 0.01) of these animals. However, there were no
significant differences in the circadian pattern of urinary excretion
of aMT6s, corticosterone and aldosterone between treated and control
rats, although 24-h excretion of corticosterone was higher in

Table 1. Effect of CGP 19984 (100 mg/kg) given orally on 4 consecutive
days on the parameters listed below (mean t SEM).

Parameter Unit Time Control CGP 19984
(n = 7) (n = 7)

Body weight g Day 1 201 = 3 208 + 2

g Day 5 229 t 6 211 + 5*
Weight gain g/4 days Day 1-5 28 t 3 3 1 4*x
Food consumption g/24 h Day 4-5 58 + 4 44 t 4%
Water consumption ml/24 h bay 4-5 11 £ 2 29 * 3**
Urine volume ml/24 h Day 4-5 10 £ 2 25 & 3*+
aMT6s in urine ng/24 h Day 4-5 297 + 28 268 * 37
Corticosterone in urine ug/24 h Day 4-5 0.7 £ 0.1 1.1 £ 0.1**

Aldosterone in urine ng/24 h Day 4-5 6.2 £ 0.5 5.3 £ 0.6

* p < 0.05 ** P < 0,01 (CGP 19984 vs. Control, Student's t-test)
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Fig. 1. Effect of CGP 19984 (100 mg/kg, p.o., once daily at 08:00 h for 4 days)
on mean (+ SEM) circadian variations of urine output and of aMTés, corticosterone
and aldosterone excretion in urine over 36 hours (** P<0.01, *** P<0,001)

(N.B. For graphical clarity the control curve is displaced slightly to the right)
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CGP 19984-treated animals than in controls. aMT6s showed a square-wave
like excretion pattern with high excretion rates between 00,00-08.00 h
and low excretion rates in-between. Both corticosterone and aldo-
sterone showed a sinusoidal excretion pattern with maximal excretion
rates in general during the first 4-8 hours of the dark period.

DISCUSSION

The reduced increase in body weight with CGP 19984 treatment confirmed
earlier findings (Schieweck et al., 1983, Ip et al., 1986) and
corresponded to the reduced food consumption in these animals. Based
on reports in the literature (Pariza, 1986) it cannot be excluded that
this (centrally mediated?) reduced food consumption contributes to the
anti-tumor effect of CGP 19984. An unexpected difference was found in
the urinary output pattern of CGP 19984-treated rats with high output
during the dark period. This increased urine output paralleled the
enhanced water consumption of these animals. The mechanism of both the
reduced food consumption and the dipsogenic effect remains unclear.
Although the accumulated excretion of corticosterone in the urine
during 24 h was significantly increased in CGP 19984-treated animals,
no effect was observed on the circadian pattern of corticosterone and
aldosterone excretion in the urine. Thus it appears that CGP 19984 has
no major effect on adrenocortical activity. Pineal activity was moni-
tored in the urine by measuring the major melatonin metabolite aMTé6s
which serves as a valid approximation of melatonin produced by the
pineal gland (Markey and Buell, 1982). Typically, urinary aMTés
excretion in the rat during the dark period was about 4-5 times higher
than during the light period as reported recently by Kennaway et al,
(1989) . The circadian pattern of urinary aMTés excretion remained
unaffected by treatment with CGP 19984. Thus based on the results
presented here, the effects of CGP 19984 on tumor growth and on
gonadotropin secretion do not seem to be mediated by changes in pineal
melatonin production.
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ABSTRACT

Day-night differences in type II thyroxine 5'-deiodinase (5'-D) and N-
acetyltransferase (NAT) activities have been studied in the rat pineal gland during
development. Day-night differences in both 5'-D and NAT activities gradually
increased from 1 week of age until 6 weeks, but in a different way. Thus, NAT
activity exhibited a significant nocturnal increase since the first week of life (7-
fold higher than diurnal basal level), increasing gradually during development, and
reaching at 6 weeks old rats night values 30-fold greater than day values. However,
for pineal 5'-D activity, day-night differences were first detectable only at 2 weeks
of age {2.8-fold greater than day value), increasing this difference till the last
week studied (7.1-fold higher than basal level).

INTRODUCTION

During the last few years, the presence of type Il 5'-deiodinase (5'-D) activity was
identified in pineal gland (Tanaka et al, 1986; Guerrero et al, 1988a). The
mechanisms involved in regulation of pineal 5'-D activity have been largely studied
(Reiter et al, 1988; Guerrero et al, 1989). In rat pineal gland, besides the thyroid
status, 5'-D activity is also regulated by the light:dark cycle, exhibiting a
progressive rise in activity after the onset of the dark period and reaching a peak
value 5-6 h later. This peak coincides with the nocturnal peak described for both
melatonin content and N-acetyltransferase (NAT) activity (Guerrero et al, 1988a,b;
Tanaka et al, 1987). This nocturnal increase in 5'-D activity seems to be dependent
on the sympathetic noradrenergic input since either continuous light exposure or
superior cervical ganglionectomy prevents it (Guerrero et al, 1988a,c; Murakami et
al, 1988). Additionally, both in vivo and in vitro studies have shown that
isoproterencl, a B-adrenergic agonist, also activates 5'-D activity, while
propranolol, a 8-adrenergic blocker, inhibits it (Guerrero et al, 1988a,d,e). No data
concerning the regulation of pineal 5'-D activity during development are available.
In the present work, the ontogeny of 5'-D activity in rat pineal gland is studied,
and compared to the ontogeny of NAT activity. Our results indicate that nocturnal
increases in both 5'-D and NAT activities can be clearly identified since ocne week
of life.

*To whom correspondence should be addressed.
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MATERIAL AND NETHODS

Wistar rats of both sexes born in our animal facility were used. Animals received
food and water ad libitum and were exposed to an automatically regulated light-dark
(LD) cycle of 14:10; the lights were turned off daily from 20.00 through 06.00 h.
Unless otherwise stated, rats were killed at the indicated ages and times, and
pineals were quickly collected, frozen on solid CO2, and then stored at -70 C until
used.

All reagents were of analytical grade and obtained from commercial sources. T3,
D,L-dithiothreitol (DTT), Dowex-50W, tryptamine, N-acetyl-5-hydroxytryptamine,
and acetyl coenzyme A were_ purchased from Sigma (St. Louis, MO, USA);
}“C]acetyl-coenzyme A and Na!®T were purchased from Amersham (Amersham, UK).
%1 was bound to T3 using the chloramine T method, as described by Nakamura et
al (1977). [3',5'-'1]T4 was purified through a 3-ml Sephadex LH-20 column,
containing the purified tracer less than 2% free iodine, and being immediately used
for 5'~D analyses.

Type 11 5'-D and NAT activities were determined in the same pineal. Pineals were
disrupted by ultrasound in 100 pl of cold 0.05 M phosphate buffer, pH 6.8. Then,
50 and 10 ul were immediately used for determination of 5'~D and NAT, respectively.
The measurement of 5'-D activity was based on the release of radioiodine from
{3',5'-1®1]T4. This method, commonly used in pineal gland studies (Tanaka et al,
1986,1987; Guerrero et al, 1988a,b,c,d,e), is sensitive enough for pineal 5'-D
determinaticns and is specific for the type Il isoenzyme, since the substrate
contains %1 only in position §'. Other deiodinating activities, i.e., conversion of
T4 to rT3, would release only nonradioactive iodide (Tanaka et al, 1986). 5'-D
activity is referred to as femtomoles %] released per gland per hour. NAT activity
was determined using the procedure outlined by Champney et al (1984) and
expressed as eitrer nmol N-acetyltryptamine produced per gland per hour. Results
are expressed as means * standard errors (SE). Significant differences between
groups were determined by the Student's t test.

RESULTS

The day of the experiment, 1, 2, 3, 4, or 6 weeks old rats, were maintained under
two different photoperiod regimens: some animals were maintained under the normal
14:10 LD cycle, with lights off at 20.00 h, and some other animals were exposed to
continuous light instead of entering into the normal dark period. All animals were
killed at 02.00 h (6 h after lights off), when it is described that rat pineal 5'-D and
NAT activities reach maximal values (Guerrero et al, 1988b). Then, pineals were
collected for determination of 5'-D and NAT activities.

As shown in Table 1, NAT activity exhibited a significant nocturnal increase since
the first week of life (7-fold higher than diurnal basal level). The day-night
difference increased gradually during development; thus, in 6 weeks old rats, night
values were found to be 30-fold greater than day values. However, for pineal 5'-
D activity (Fig. 1 and Table 1), day-night differences were first detectable only at
2 weeks of age (2.8-fold greater than day value), increasing this difference till the
last week studied (7.1-fold higher than basal level).

DISCUSSION

Maturation of pineal rhythmicity has been studied in rodents, mostly rats and
hamsters, and humans. These studies included the ontogeny of NAT, HIOMT, and
melatonin production (Ellison et al, 1972; Klein and Stephen, 1963; Attanasio et al,
1986). The aim of this paper is to study the ontogeny of NAT and 5'-D activities
determined in the same pineual gland. Our results show a parallelism in the pattern
of pineal 5'-D and NAT development. Although day-night differences in 5'-D activity
seem to be delayed for a week in relation to NAT, nocturnal values of both enzymes
gradually increased until six weeks of age. This parallelism can suggest a poscible
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relationship between both enzymes in addition to a commun regulatory mechanism.
Although a relationship between 5'-D and NAT activities have not been shown yet,
perhaps during development this relationship can be evident.

TABLE 1. Nocturnal increases in pineal NAT and 5'-
D activities during -* velopment

Age (woeks)
1 2 3 4 6
NAT activity (nmol/gland/h)
Darkness 1.25 2.23 2.42 3,77 4.80

LL 0.18 0.14
(D/LL)* 6.84 15.92

5'-D activity (fmol/gland/h)

0.15 0.15 0.16
16.13 25.13 30.00

Darkness 4.20 9.72 16.41 18.35 21.50
LL 3.65 3.50 3.08 2.65 3.00
{D/LL)* 1.15  2.77 5.32 6.92 17.16

*Values are referred to as the ratio betwsen nocturnal
and continuous light exposure enzyme activities.

o BEwpe00ivsiL A
2 & 20f
B S
st g 15}
“ Xl
[ou] -]
J 8 st
m -
0}

Time (weeks)

Fig 1. Pineal 5'-D activity during development. The day of the experiment,
animals at indicated ages were maintained under the normal daily 14:10 LD cycle
(@--®) or under LL (8--8). Then, animals were killed at 02.00 h and pineals
were collected for enzyme determinations. Values are expressed as the mean &

SE of eight animals.
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ABSTRACT

Type 11 thyroxine 5'-deiodinase activity in both pineal and Harderian glands of the
swiss mouse were studied. We show that pineal 5'-deiodinase activity exhibits a
nyctohemeral profile with a maximal peak value at 05.00 h coincident with that for
pineal melatonin. However, no rhythm of 5'-deiodinase activity was found in the
Harderian gland. These results suggest at least a commun regulatory mechanism
for type 11 thyroxine 5'-deiodinase and melatonin production, and probably, an
interrelationship between these two metabolic pathways.

INTRODUCTION

Rhythms in type Il thyroxine 5'-deiodinase (5'-D) activity have been previously
described in both pineal (Tanaka et al, 1986; Guerrero et al, 1988a) and Harderian
gland (Guerrero et al, 1987) of the rat, where rhythms in melatonin production also
have been described (Reiter et al, 1983; Reiter, 1986). It is believed to have an
important role in some tissues in maintaining the intracellular levels of T, serving
as a defense against thyroid hormone deficiency. The most important regulatory
mechanism for this isoenzyme is the thyroid status, exhibiting an important increase
in its activity during hypothyroidism and a marked inhibition in the presence of T,
(Silva and Leonard, 1985). In rat pineal gland, besides the thyroid status, 5'-D
activity is alsn regulated by the light:dark cycle (Reiter et al, 1988), exhibiting a
progressive risz in activity after the onset of the dark period and reaching a peak
value 5-6 h later; this peak coincides with the peak values described for both
melatonin content and N-acetyltransferase activity (Guerrero et al, 1988a,b; Tanaka
et al, 1987). This nocturnal increase in 5'-D activity seems to be dependent on the
sympathetic noradrenergic input since either continuous light exposure or superior
cervical ganglionectomy prevents it (Guerrero et al, 1988a; Murakami et al, 1988).
In the present paper we identify, for the first time, a rhythm in the mouse pineal
5'-D activity coincident with that of melatonin. This study was performed trying to
find out a new model different to rat pineal gland where to study the role of pineal
type 11 5'-D activity.

*To whom correspondernce should be addressed.
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MATERIALS AND METHODS

Male Swiss mice born in our animal facility were used. Animals received food and
water ad libitum and were exposed to an automatically regulated light-dark (LD)
cycle of 14:10; the lights were turned off daily from 20.00 through 06.00 h. In
order to increase the 5'-D activity, animals were rendered hypothyroid by adding
20 mg% methimazole to the drinking water; this treatment was maintained for at least
1 week before the animals were used for the experiments. On the day of the
experiments, animals were killed by decapitation at the indicated times, and pineals
and Harderian glands were quickly collected, frozen on solid CO,, and stored at -
70 C until assayed for 5'-D activity.

All reagents were of analytical grade and obtained from commercial sources. Nal®|
was purchased from Amersham (Amersham, UK). !®I was bound to T3 using the
chloramine T method, as described by Nakamura et al (1977).

Pineals were disrupted by ultrasound in 100 ul of cold 0.05 M phosphate buffer, pH
6.8. Then, 50 and 10 pl were immediately used for determination of 5'-D activity and
melatonin content, respectively. The measurement of 5'-D activity was based on the
release of radxoiodme from [3',5'-151]T4. This method, commonly used in pineal
gland studies (Tanaka et al, 1986,1987; Guerrero et al, 1988a,b,c,d,e), is sensitive
enough for pineal 5'-D determmatlons and is spemflc for the type II isoenzyme,
since the substrate contains 121 only in position 5'. Other deiodinating activities,
i.e., conversion of T4 to rT3, would release only nonradioactive iodide (Tanaka et
al, 1986). 5'-D activity is referred to as femtomoles 1] released either per gland
per hour or per mg of protein per hour for pineal and Harderian gland,
respectively. Melatonin content in the mouse pineal gland was determined after
extracting with chloroform, by a commercial kit (Euro-Diagnostic BV, Apeldoorn,
Holland), and was referred to as pmoles per gland. Results are expressed as means
+ standard errors (SE). Significant differences between groups were determined by
Student's t test.

RESULTS

The 24-h profiles of 5'-D activity and melatonin production in the swiss mouse pineal
gland were studied. As shown in Fig. 1, both parameters exhibit a nyctohemeral
profile with maximal peak values late in the dark period (05.00 h). During the day,
values of 5'-D activity and melatonin gradually decrease until reaching minimum
values before lights off and during the first third of the dark period. Then, both
values raise for approximately six hours until achieving a peak at 05.00 h.
Nocturnal peaks of both 5'-D activity and melatonin production elevated about four
times above the basal values. During the same experiment, Harderian glands were
also collected for 5'-D determinations, and Fig. 2 shows the 24-hour profile of this
enzyme activity. As it can be seen, Harderiar gland 5'-D activity exhibits only basal
values in all time points studied.

DISCUSSION

The aim of this work is to describe the 24-hours profile of the pineusl 5'-D activity
in the swiss mouse. Swiss mouse is the second rodent, in addition to rat, where a
pineal rhythm in 5'-D activity has been found. Neither Syrian hamster nor
Richardson's ground squirrels have been found to exhibit a this rhythm (Puig-
Domingo et al, 1988). Moreover, the enzyme exhibits a nocturnal maximal activity
at 05.00 h, which is the time when pineal melatonin content also reaches maximal
value. Similar coincident profiles in pineal 5'-D activity and melatonin content have
been previously described in the rat (Guerrero et al, i988b). On the other hand,
swiss mouse Harderian gland exhibits only basal values in 5'-D activity during the
daily light-dark cycle. In conciusion, swiss mouse is a new model to study the
pineal 5'-D activity rhythm. and its possible physiological role in the pineal
metabolism.




5'-D activity in pineal and Hardenan glands
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Fig. 1. Thyroxine 5'-D activity (top) and melatonin content (bottom) in the
swiss mouse pineal gland. Animals were killed at the indicated times and
pineals quickly collected for 5'-D activity and melatonin content
determinations. Each value is the mean % SE of eight animals. (a, p < 0.001
vs basal value at 23.00 h; b, p < 0.01 vs basal value at 23.00 h).
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Fig. 2. Thyroxine 5'-D activity in the swiss mouse Harderian gland.
Animals were killed at the indicated times and Harderian glands quickly
collected for 5'-D activity determination. Each value is the mean * SE of
eight animals.
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